A b s t r a c t Objective: To evaluate the effectiveness of a personal digital assistant (PDA)-based clinical decision support system (CDSS) on nonsteroidal anti-inflammatory drug (NSAID) prescribing safety in the outpatient setting.
There are a variety of methods of providing support for clinical decision making, but computer-based approaches, usually referred to as clinical decision support systems (CDSS), can be broadly defined as computer programs designed to provide support for clinician decision making. Implementation trials have demonstrated the positive influence of CDSS on physician decisions for medication ordering in the inpatient setting and an expert panel report endorsed by major informatics professional associations has recommended use of CDSS for electronic prescribing. [1] [2] [3] [4] [5] These and other data have prompted the Leapfrog Group, a coalition of Fortune 500 companies advocating major changes to improve patient safety in health care (www.leapfroggroup.org), to include computerized provider order entry (CPOE), with its potential to include clinical decision support, as part of their major ''leaps'' to improve patient safety in inpatient settings. Despite this evidence of CDSS improving physician prescribing in the inpatient setting, there is a dearth of randomized, controlled trials and, in particular, a lack of information about the impact of CDSS in ambulatory settings. 1 A common medication error in ambulatory patients that could potentially be reduced by appropriate use of CDSS is the inappropriate use of nonsteroidal anti-inflammatory drugs (NSAIDs). 6, 7 Although recent data have raised concerns about the risks of cardiovascular events with selective cyclooxygenase 2 (COX-2) inhibitors, [8] [9] [10] these drugs are still considered safer than traditional NSAIDs in terms of gastrointestinal (GI) risk factors. 11, 12 However, many patients with GI risk factors are still prescribed nonselective NSAIDs without gastroprotection (i.e., concomitant treatment with a proton pump inhibitor or misoprostol). 7, 13 A decision support system that assists in risk assessment and provides guidance for prescribing could help mitigate these errors.
One approach for addressing clinician information needs in the ambulatory setting is to provide the decision support tools on handheld computers or personal digital assistants (PDAs). Clinicians have begun to use PDAs to provide decision support in the outpatient arena, especially in regard to appropriate medication use. [14] [15] [16] [17] [18] [19] A study by Rothschild et al. 17 that surveyed physician users of EpocratesÔ, a free drug database for handheld computers, found that 63% of the users claimed that the database reduced potential adverse drug events (ADEs), with half estimating it reduced at least one ADE per week. According to data from Epocrates, there are currently almost 200,000 physicians who are actively using their product (M. Snyder, personal communication, March 31, 2005) . Although self-report data are encouraging, experimental studies of the impact of handheld decision support systems in the outpatient setting are needed.
Methods

Study Design and Hypotheses
We conducted a randomized, controlled trial to examine the impact of a handheld computer-based clinical decision support program on medication prescribing in a primary care residency education setting. The focus of the decision support was a clinical prediction rule to assess NSAID-related GI risk and provide real-time treatment recommendations based on the patient's risk. 20 Our primary hypothesis was that clinicians provided with a CDSS that provides recommendations for risk assessment and treatment will prescribe NSAIDs more safely than clinicians without that support. In addition to the obvious effect of the CDSS, providing accurate risk assessment based on clinical factors, using the CDSS could also provide a cue to thorough collection of risk factors in the patient history. Thus, we also examined the impact of the CDSS on participant's gathering key risk factor data.
Participants
Participants were recruited from a pool of 105 internal medicine residents assigned to an urban university-based, resident-staffed clinic, and 68 provided consent and enrolled in the study. Participating residents were randomly assigned to either the intervention or control group by means of a computerized random number generator that ensured that an equal number were in each group (Fig. 1 ). Participants were informed that the study was to examine their use of PDAbased decision support programs and their impact on care but were blinded to the specific outcome of interest. Participants were told that they would all have slightly different sets of decision support rules but were not aware which rule was the specific focus of the study. The study protocol and consent procedure were approved by the University of Alabama at Birmingham Institutional Review Board.
Details of Study Design
The study design was a randomized trial using preintervention and postintervention assessments of safe and unsafe prescribing. Residents were randomized to intervention and control groups prior to baseline data collection. Outcomes F i g u r e 1 . Flow diagram of movement through study.
were assessed by examining the treatment provided for unannounced standardized patients (SPs). Standardized patients are lay individuals trained to portray particular clinical conditions. 21 Participants agreed to see up to four unannounced SPs over a period of time during their outpatient clinic day. Each SP was trained to portray one of four cases that posed a risk for GI hemorrhage if nonselective NSAIDs were prescribed for an extended period of time without gastroprotection. Each participant saw up to two of the four cases at baseline and two at follow-up.
At baseline, all participants were provided with a PDA that ran the Palm Operating System (OS) 4.01. Participants were allowed to load their own programs on the PDA. Approximately six months later, after baseline prescribing performance data were collected, we added the decision support programs to each PDA and trained participants in their use. The primary CDSS for this study, which we entitled MedDecide, was developed by the investigators using Satellite FormsÔ Version 4 for Palm OS. MedDecide contained a suite of clinical prediction rules, based on published evidencebased literature. [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] There were 19 rules representing diagnostic, risk assessment, and treatment recommendations. Participants were randomized to receive one of six different sets of these rules for their PDA, with each set containing 14 rules. All participants received some rules that could potentially apply to the SP's complaints. Only the participants who were randomized to the intervention arm received, within their set of 14 rules, the rule for GI risk assessment when prescribing NSAIDs (defined as the Intervention Rule). The rest of the rules were distributed randomly in blocks. Participants also received Epocrates, Medcalc, Medmath, and a breast cancer risk calculator, all of which were freely available for use on Palm OS PDAs (www.epocrates. com; www.pdacortex.com/software_palm.htm). A prototype of a PDA diagnostic decision support system that used the knowledge base of the QMRÔ diagnostic decision support system was also provided by First Databank. The additional programs, as well as the multiple sets of rules, assisted in masking the specific NSAID-risk rule, which was the focus of the study.
For intervention and control groups, one training session was held for small groups of participants at a time, grouped by intervention status. The training session lasted approximately 30 minutes and included demonstration and instruction on the use of all programs and illustration of some, but not all, of the clinical prediction rules. Demonstration of any given rule took less than a minute. In the intervention group, the demonstrations included a demonstration of the Intervention Rule.
Data collection for the follow-up phase took place over an eight-month period after participants received the CDSS.
Sources of data for both the baseline and follow-up phase were prescriptions and other materials given to the SPs, the participants' dictations and chart notes, and attending physician documentation of participants' initial diagnosis and treatment plan. An outcomes committee, composed of five academic clinicians, reviewed the participants' performance according to explicit criteria. The primary outcome was whether the participant prescribed safely or unsafely. The Intervention Rule, SP case descriptions, procedural details, outcome assessment, and data analysis methods are described below.
The Intervention Rule (Nonsteroidal Antiinflammatory Drug Gastrointestinal RISK)
The Intervention Rule assessed six established risk factors for GI complications from NSAIDs: age, self-assessed health status, diagnosis of rheumatoid arthritis, steroid use, a history of GI hemorrhage or hospitalization for ulcer, and symptoms with NSAIDs. 20, [39] [40] [41] This rule has been validated to predict GI hemorrhage and is used by the Veterans Administration as a guideline for NSAID prescribing. 20, [42] [43] [44] License for the rule, (known as SCORE Ó ), which was incorporated into MedDecide, is available from Stanford University. According to the rule, GI risk scores of 15 and below are considered safe for nonselective NSAIDs, while scores 16 and above have been shown to pose at least moderate risk with extended use of nonselective NSAIDs. 20, 42 In our adaptation of the rule for the PDA, we allowed ulcer history the same weight as previous hospitalization for ulcer. Users enter all six elements into the PDA via pull-down menus and tap a submit button on the PDA screen to receive the score and recommendation.
Standarized Patient Case Descriptions
We developed three cases for the SPs and adapted one case previously used by Tamblyn et al. 6 in their study using SPs for assessment of NSAID prescribing practices of primary care physicians in Canada. The cases were developed using iterative review as well as pilot testing by chief medical residents who were not part of the study. Each case had at least moderate risk of a GI adverse event according to the NSAID risk assessment rule (Table 1) . 43 Each of our 13 SPs was trained on one case. Training consisted of three sessions, each lasting approximately one hour and included evaluation by a clinician for clinical accuracy prior to portraying the case.
Integration of Standardized Patients into Clinic Workflow
Appointments for SPs were fit into participants' regular schedule of patients during their assigned half-day weekly clinics. The SPs were scheduled as new patients so as not to arouse suspicion about missing medical information. Residents followed their routine clinic procedures when examining the SPs. This procedure includes examining their patients prior to discussing them privately with their supervising attending physician. The residents then return to their patient and give the patient any handwritten prescriptions, instructions, or order slips they deem appropriate. Documentation of the encounter is done after the patient leaves via dictation, which is subsequently typed and inserted into the paper chart. There is no electronic prescribing, but residents could elect to use the PDA as an information/decision support source at any point in this process.
Immediately after leaving the clinic, the SPs returned to study personnel all prescriptions, medication samples, lab slips, and any other materials they were given. The typed encounter notes were collected when they became available. Any other handwritten resident or nurse's notes, as well as an attending checklist describing participant's initial diagnosis and treatment plan, were also collected after the visit. All collected materials were assembled into a ''patient chart'' and constituted the documentation for the visit. To assess blinding to the SPs, the participating residents were queried via e-mail every six weeks as to whether they thought they had seen any SPs.
Outcomes Assessment
Patient safety outcomes were determined by a review of documentation from SP encounters. Five physicians with experience in health services research constituted the outcomes committee. Each chart was independently reviewed by two clinicians who were blinded to participant, timing (baseline or follow-up), and group (intervention or control).
Because all the SPs were at risk of NSAID-induced GI complications, specific definitions of duration and dose of NSAIDs were used to define unsafe prescribing. We developed an evidence-based algorithm to classify the treatment regimens. Each prescription was coded as safe or potentially unsafe regarding GI complications. (See Appendix for details of the definition of safe and unsafe prescribing.) Prescriptions or samples handed to the SP were the main source of data, but, in the absence of a prescription or sample, the encounter note or the attending documentation was used. Any disagreements in determination of unsafe prescribing were adjudicated by group review by the committee. Of 189 patient encounters, 16 required group review. Presence or absence of the key risk factor (Table 1) in the notes and/or dictation was also noted.
Statistical Analysis
Fisher exact tests of proportions and t-tests were used to test for significant differences in participant characteristics between groups. At baseline and follow-up, the primary outcome measure for each participant was defined as the proportion of cases per physician with unsafe NSAID prescriptions. For each SP case seen by the participant, the outcomes committee defined safety as a binary variable (unsafe prescription 5 1, safe prescription 5 0; see Appendix for criteria for safe and unsafe). The case data were aggregated at the participant level. The proportion of cases with unsafe prescriptions for each physician at the baseline or follow-up stage was calculated by dividing the number of unsafe prescriptions by the total number of cases seen at that stage. Consistent with an intention-to-treat analysis design, the data from participants were included regardless of whether they used the clinical decision support software. 45 For each SP case, we also defined whether the key risk factor driving the GI risk score (Table 1) was obtained (obtained 5 1, not obtained 5 0). These data were also aggregated at the participant level to calculate the proportion of cases per physician with a key risk factor recorded at baseline or follow-up.
The primary hypothesis of a difference between the two groups in follow-up unsafe prescribing was tested with an analysis of covariance (ANCOVA) using the baseline proportion of cases per physician with unsafe prescriptions as a covariate and participant as the unit of analysis. Correlations were examined between the proportion of cases per physician with unsafe prescriptions and several potential confounding variables such as participant demographics, primary care interest, and whether the participant had obtained the key risk factor for the particular case. A two-tailed a level of 0.05 was used for all statistical tests. Effect sizes were computed using Cohen's method. 46 SPSS was used for statistical analysis. 47 
Results
Participant Characteristics
Fifty-nine of the 68 participants saw at least one SP during both baseline and follow-up periods and were considered to have completed the study. Participant characteristics were similar in the intervention and control groups ( Table 2) . Intervention participants were slightly younger (1.2 years), and more frequently first-year residents (PGY-1), compared with control participants (p , 0.05 for both). Overall there was no evidence that the 59 study completers differed significantly from the nine noncompleters.
Unsafe Prescribing at Baseline
At baseline, the mean proportions (0.27 vs. 0.29) of cases per physician with unsafe prescriptions were similar (p . 0.05) for the intervention and control groups. Although the two groups differed in distribution of participants in different residency years, the correlation of residency year with proportion of cases per physician with unsafe prescriptions at both baseline (r 5 0.01) and follow-up (r 5 0.01) was low and nonsignificant (p . 0.05) as was the correlation with age (baseline, r 5 0.07; follow-up, r 5 0.21).
Changes in Unsafe Prescribing
The mean number of SP visits per participant at baseline was 1.34 visits (SD 5 0.48) and at follow-up it was 1.56 visits (SD 5 0.50). There was no statistically significant difference between intervention or control groups in number of visits at either time period. Figure 2 shows the mean proportion of cases per physician with unsafe prescriptions for each group at baseline and follow-up. The mean proportions of the intervention and control groups were similar at baseline, but the mean proportion increased greatly for the control group at follow-up. Using participant as the unit of analysis, the ANCOVA showed a significantly lower mean proportion of cases per physician with unsafe prescriptions for the intervention group compared to the control group after adjustment for baseline rates (F 5 4.24, p , 0.05, effect size 5 0.54). There were no statistically significant associations with other potential confounders of the primary hypothesis such as any participant characteristics, SP gender, or recognition of the SP by the participant. The mean proportions were also not significantly different among the different presenting complaints, and there was no group-chief complaint interaction effect.
Key Risk Factor Assessment
The intervention group more frequently obtained the key risk factor during follow-up (0.58 vs. 0.45), even though they tended to be worse at baseline (0.69 vs. 0.74), but these differences were not statistically significant. We did note that the follow-up mean proportion of cases per physician with unsafe prescriptions tended to be lower among those participants who collected the key risk factor (r 5 20.23, p , 0.10), compared with those who did not get that information. This association was stronger and statistically significant for the intervention group (r 5 20.43, p , 0.05).
Because of the statistically significant association between unsafe prescribing and failing to obtain the key risk factor in the intervention group, we examined whether the statistically significant differences in proportion of cases per physician with unsafe prescriptions between the intervention and control group participants were still present if we only included cases where the subjects had obtained the key risk factor. Twenty-nine (12 in the control group and 17 in the intervention group) participants recorded the key risk factor for at least one of their cases at both baseline and follow-up. The mean proportions of cases per physician with unsafe prescriptions by assessment time and group for this subset of participants who recorded the key risk factor are presented in Figure 3 .
At baseline, the intervention and control groups' performance appeared similar and only slightly better than that of the total group. At follow-up, the intervention group's mean proportion of unsafe prescriptions on cases where the key risk factor was recorded was zero, while the control group's mean proportion of unsafe prescriptions on such recorded cases was 0.50. Even with the smaller number of subjects, the ANCOVA showed that the mean proportion of cases per physician with unsafe prescriptions of the intervention group at follow-up was significantly (p , 0.001, effect size 5 1.12) lower than that of the control group.
Discussion
We conducted a randomized, controlled trial of the impact of a CDSS designed to assist with GI risk assessment and treatment recommendations when prescribing NSAIDs. We demonstrated improved clinical safety in the intervention group. Specifically, the mean proportion of cases per physician with unsafe prescriptions in the intervention group was approximately one-half that of physicians without access to the CDSS. Our analysis of key risk factors suggests that, at least in part, the CDSS acted as a cue to collect appropriate patient history related to risk. In fact, among those residents who had the Intervention Rule and obtained the key risk factor, there were no unsafe prescriptions for the SP visits. Thus, our results suggest that the combination of collection of data on risk factors and accurate assessment of clinical risk with treatment recommendations resulted in the safest prescribing.
Although all the SPs in the present study had risk factors for GI complications of NSAIDs, the same decision support tool could as well be used to identify patients who are at low risk of adverse GI events and who would not need gastroprotective medication. Given the recent data on the risks of F i g u r e 2 . Mean proportion of cases per physician with unsafe prescriptions for intervention and control groups at baseline and follow-up.
F i g u r e 3 . Mean proportion of cases per physician with unsafe prescriptions for intervention and control groups at baseline and follow-up when key risk factor was recorded.
COX-2 inhibitors [8] [9] [10] and the evidence of inappropriate prescribing of these drugs for low-risk patients, as well as the prescribing of nonselective NSAIDs for high-risk patients, 7 decision support tools at the point of care may be especially useful in this area.
There are several possible ways by which the intervention might have influenced performance. Standardized patients reported minimal use of the PDA in their presence, but participants may have used the rule out of the SP's presence since they left the room to consult with the attending physician. Although we initially assumed that the suite of rules on the PDA was complex enough that participants would not memorize the rules, it is possible that the brief training session where they saw the rule or perhaps the use of the rule with other patients prior to the follow-up of SPs was sufficient to sensitize the intervention group participants to the importance of the risk factors and the recommendations for safe prescribing. However, most data show that the impact on performance of even more extensive didactic instruction is minimal. 48 Although we anticipated that the CDSS would reduce inappropriate prescribing, the effect was more complicated. Instead of the performance of the intervention group improving significantly over time, their performance remained relatively stable, while overall the control group performance degraded over the time period from baseline to follow-up. Other data have shown that housestaff thoroughness, especially for preventive measures, history, or other data not closely related to the acute presenting problem, may decrease as they progress through training. 49 The present study indicated that the CDSS may have minimized that performance degradation in the intervention group.
It is likely that more intensive decision support that does not have to rely on clinicians choosing to use it may be needed to have a stronger effect. Rosenbloom et al., 50 for instance, found that active decision support was accessed more frequently than the passive decision support that was similar to the type we provided.
Limitations
The limitations of the study were that it was conducted in a single clinic with participants within the same specialty and a small number of cases may limit generalizability. Although formal data on PDA use were not collected on those who chose not to participate, we do know that at least some of them already had PDAs and were not interested in changing to a new one, but it is possible that others were not interested in using the technology. Those who did choose to participate were, by definition, receptive to learning to use the technology. It is possible that this group may have implicitly understood that use was expected, whereas a nonvolunteer sample would not use it as frequently. However, we emphasized that they should use it often as they felt it was needed, and we made the training as minimal as possible to limit this effect. In addition, in regard to the primary outcome of interest in this study, the baseline results showed that the magnitude of unsafe NSAID prescribing was only slightly lower than that found in the study by Tamblyn et al., 6 which also used SPs.
The absence of reliable data on how the participants actually used the CDSS during the SP visits was a limitation as well.
Finally, our focus was on unsafe prescribing that could potentially lead to adverse events. Even with real patients, the errors that occurred would not automatically lead to actual harm to patients, and with proper follow-up and patient education adverse events could be averted. Most of the participants did arrange for reasonable follow-up appointments for the SPs, and several of them provided some instructions about indications for discontinuing the medication.
Although our assessment of unsafe prescriptions was based primarily on prescriptions and other materials actually given to the SP, the assessment of whether the key risk factor was obtained was based on chart review. Our rationale was that these data would indicate that the resident had carefully considered the information, but it is certainly possible that the data may have been obtained and not documented.
Using SPs provided us with realistic, but controlled, case presentations. Research has shown that SPs are a valid method of obtaining data on the process of care, but some studies have shown that detecting SPs could potentially show artificially improved performance. 6, 21, 51, 52 Unlike other studies using SPs, which usually relied on physicians remembering to send in a postcard to the study team when they thought they had detected an SP, we actively queried the residents during the study as to potential SP detection and also conducted a debriefing at the end as to their understanding of the study. Not only was there no significant association between detection and performance, there was no differential detection in intervention and control groups, and participant feedback indicated that even when they detected that the patients were SPs, they did not recognize that the focus of the study was on risk assessment and NSAID prescribing. In addition, participants in both the intervention and control groups had other CDSS and rules within MedDecide that related to other aspects of the cases that may have made the GI risk assessment rule less obvious as a focus of the study. Any heightened diligence brought on by SP detection would likely bias the study against finding the primary effect.
Conclusion
Using simple, easy-to-access programs at the point of care can affect clinician performance in the ambulatory setting. Participants randomized to have a clinical decision support rule on a handheld computer that they could use at the point of care prescribed more safely on relevant cases than participants who did not have the rule. The PDA-based rule appeared to inhibit the increased tendency for unsafe NSAID prescribing that occurred over time for physicians without access to the rule. The participants who had the CDSS overall gathered and interpreted risk factor information more appropriately than those participants without the CDSS. Although a stand-alone decision support system does not have the added benefit of integration with an electronic medical record, at present, this system is far more easily disseminated. Further research should confirm our results and assess the potential reach of such systems.
